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Evidence for functional conservation of a mammalian homologue
of the light-responsive plant protein COP1
Haiyang Wang, Dingming Kang, Xing-Wang Deng and Ning Wei
Identified in Arabidopsis as a repressor of light-
regulated development, the COP1 (constitutively
photomorphogenic 1) protein is characterized by a
RING-finger motif and a WD40 repeat domain [1]. The
subcellular localization of COP1 is light-dependent.
COP1 acts within the nucleus to repress
photomorphogenic development, but light inactivates
COP1 and diminishes its nuclear abundance [2]. Here,
we report the identification of a mammalian COP1
homologue that contains all the structural features
present in Arabidopsis COP1 (AtCOP1). When
expressed in plant cells, a fusion protein comprising
mammalian COP1 and β-glucuronidase (GUS)
responded to light by changing its subcellular
localization pattern in a manner similar to AtCOP1.
Whereas the mammalian COP1 was unable to rescue
the defects of Arabidopsis cop1 mutants, expression of
the amino-terminal half of mammalian COP1 in
Arabidopsis interfered with endogenous COP1
function, resulting in a hyperphotomorphogenic
phenotype. Therefore, the regulatory modules in COP1
proteins that are responsible for the signal-dependent
subcellular localization are functionally conserved
between higher plants and mammals, suggesting that
mammalian COP1 may share a common mode of action
with its plant counterpart in regulating development
and cellular signaling.
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Results and discussion
Identification and molecular characterization of
mammalian COP1 homologues
A database search with the AtCOP1 protein sequence
identified human and mice homologues. We generated a
chimeric mouse/human COP1 construct (m/hCOP1; see
Materials and methods). The amino-acid sequence of
m/hCOP1 is identical to that of mouse COP1 (mCOP1,
GenBank accession number AF151110) with the exception
of only three amino-acid substitutions (see Supplementary
material published with this article on the internet). Like
AtCOP1, mCOP1 contains three distinct structural motifs:
a RING-finger zinc-binding motif, a coiled-coil domain
and a WD40 repeat region [3]. The mCOP1 protein is 37%
identical to AtCOP1, with highest sequence identity in the
RING-finger and the WD40 repeat domains (51% each;
Figure 1). The nuclear localization signal (NLS) of
AtCOP1 was recently shown to include two clusters of
basic amino-acid residues, RKKR and KRR (using the
single-letter amino-acid code), located immediately
upstream of the WD40 repeats [4] (Figure 1; see also Sup-
plementary material). Both the mouse and human COP1
homologues have two clusters of basic amino-acid residues,
KK and RRKR, in the same region, which could serve as a
bipartite NLS (see Supplementary material). In AtCOP1, a
cytoplasmic localization signal (CLS) has been identified
in the region connecting and overlapping the RING-finger
and the coiled-coil domains (residues 67–177) [4]
(Figure 1). The corresponding region of mCOP1 is 37%
identical to AtCOP1 and, as shown below, the CLS func-
tion appears to be conserved in mCOP1.
Light-regulated localization of a mammalian COP1 fusion
protein in plant cells
One of the key characteristics of AtCOP1 is its light-
dependent subcellular localization. We examined whether
m/hCOP1 is also light responsive when expressed in a
plant cell. A fusion protein comprising GUS and
m/hCOP1 (GUS–m/hCOP1) was transiently expressed in
Figure 1
Comparison of AtCOP1 and mCOP1 proteins. Both proteins have
three conserved domains: a RING-finger zinc-binding motif, a coiled-
coil domain and WD40 repeats. The first and last residues of each
domain are indicated. The cytoplasmic localization signal (CLS) and
nuclear localization signal (NLS) of AtCOP1 are also depicted in
accordance with a recent report [4]. The amino-acid identities between
corresponding domains of AtCOP1 and mCOP1 are indicated in the
middle. Coil indicates the coiled-coil domain.
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onion bulb epidermal cells upon particle bombardment.
GUS–AtCOP1, and a fusion protein comprising GUS and
a viral nuclear localization signal (GUS–NIa), were used as
controls for light-regulated and constitutive nuclear local-
ization, respectively [2]. After bombardment, the onion
cells were incubated in complete darkness or in continu-
ous white light for 48 hours prior to examination.
As reported previously for AtCOP1 [2], about 40% of all
GUS–NIa-expressing cells exhibited the expected nuclear
enrichment of GUS staining regardless of the light condi-
tion (Figure 2c,d). GUS–AtCOP1 and GUS–m/hCOP1 also
displayed a nuclear-enriched staining pattern in approxi-
mately 40% of the transformed cells that were incubated in
the dark. In contrast, none of the cells expressing
GUS–AtCOP1 or GUS–m/hCOP1 exhibited any nuclear
enrichment of GUS staining under light conditions. Inter-
estingly, a significant number of these cells (about 10%)
displayed a clear reduction in nuclear staining compared
with the surrounding cytoplasmic staining (Figure 2a,b,e,f).
This result indicates that the subcellular localization of the
mammalian COP1 protein in plant cells can be regulated
by light in a fashion similar to that of AtCOP1. 
To substantiate the results obtained from the transient
expression studies, we generated stable transgenic 
Arabidopsis plants expressing GUS–m/hCOP1. All 15 inde-
pendent transgenic lines displayed similar patterns of sub-
cellular GUS staining (Figure 3), despite variations in the
levels of GUS activity. The light-dependent regulation of
GUS–AtCOP1 and GUS–m/hCOP1 localization was
evident. Hypocotyl cells of dark-grown seedlings dis-
played nuclear staining, whereas hypocotyl cells of light-
grown seedlings consistently lacked nuclear staining
(Figure 3a,b,e,f). In contrast, the GUS–NIa transgenic
plants displayed a nuclear staining pattern regardless of
the light conditions (Figure 3c,d).
We further examined the effect of light/dark transitions on
the kinetics of GUS–m/hCOP1 nucleocytoplasmic reparti-
tioning. Transgenic Arabidopsis seedlings were grown in the
dark or in constant light for three days and subsequently
transferred to light or dark, respectively. Upon transfer
from light to dark, we could detect nuclear GUS staining at
72 hours (Figure 3h) but not at 48 hours. After transferring
from dark to light, the nuclear GUS staining became
notably reduced at 48 hours (data not shown) and was
almost undetectable at 72 hours (Figure 3g). Therefore, the
nucleocytoplasmic partitioning of GUS–m/hCOP1 is
responsive to light/dark transitions, although the kinetics of
the relocation process is slower than that of GUS–AtCOP1,
which displayed repartitioning starting from 12 hours after
the transition [2,5]. The slow kinetics could be due to a
reduced efficiency of the plant protein repartitioning
machinery towards mammalian COP1.
The amino-terminal region of m/hCOP1 conferred a
dominant interference phenotype in Arabidopsis
It has been shown that expression of amino-terminal frag-
ments of AtCOP1 confers a dominant-negative phenotype
that is characterized by light-dependent short hypocotyls of
the transgenic seedlings. This effect is attributed to the
hypersensitivity of the seedlings to light on hypocotyl inhi-
bition [6,7]. We generated stable transgenic Arabidopsis
plants expressing a 341-amino-acid amino-terminal frag-
ment of m/hCOP1 that includes the RING finger, the
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Figure 2
Histochemical staining for different GUS fusion proteins in onion
epidermal cells. Onion cells were bombarded with plasmids expressing
(a,b) GUS–AtCOP1, (c,d) GUS–NIa or (e,f) GUS–m/hCOP1, and
incubated in the dark (a,c,e) or light (b,d,f) for 2 days. The upper
portion of each panel shows GUS staining; the corresponding lower
portion shows staining with the DNA-specific fluorochrome
4′,6-diamidino-2-phenylindole (DAPI). Arrows indicate the positions of
nuclei. I, cytoplasmic inclusion bodies (often associated with
GUS–AtCOP1). The scale bar in (f) represents 100 µm. 
(a) (b)
(c) (d)
(e) (f)
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coiled-coil domain and the putative NLS (m/hCOP1N341).
Among ten independent transgenic lines examined, three
lines (NA1-6, NA1-43 and NA2-15) showed a dramatic
reduction in hypocotyl length when seedlings were grown
under continuous far-red, red or blue light, but exhibited
normal etiolation in the dark (Figure 4). Moreover, the
light-dependent short hypocotyl phenotype was genetically
dominant and co-segregated with the transgene. This type
of hyperphotomorphogenic phenotype differs slightly from
that caused by overexpression of an AtCOP1 amino-termi-
nal 282-amino-acid fragment (AtCOP1N282), but is identi-
cal to that caused by the RING-finger-deleted form of
AtCOP1N282. The former shows a dark phenotype
(cotyledon opening) in addition to the light hypersensitiv-
ity [6,7]. The absence of a phenotype in darkness may indi-
cate that the strength of interference by m/hCOP1N341 is
weaker than that of AtCOP1.
The dominant hyperphotomorphogenic phenotype con-
ferred by AtCOP1 amino-terminal fragments is thought to
be a result of non-productive heterodimerization between
the truncated COP1 and the endogenous COP1 through the
coiled-coil domain, thereby impairing the repressive capac-
ity of endogenous COP1 [6]. By analogy, the dominant-
interfering phenotype elicited by m/hCOP1N341 was most
likely caused by its interaction with endogenous AtCOP1,
perhaps also through the coiled-coil domain. Although the
m/hCOP1 coiled-coil domain shares a low sequence identity
with that of AtCOP1 (29%), the coiled-coil conformation is
highly conserved and is probably critical in contributing
to the dominant-interfering phenotype conferred by
m/hCOP1N341 overexpression.
Light-regulated nucleocytoplasmic partitioning requires
the NLS, CLS and some less-well-defined accessory
sequences in the amino-terminal half of AtCOP1 [4]. The
finding that light can regulate subcellular localization of
mammalian COP1 in plant cells is remarkable as this
process requires not only that the mammalian COP1
respond to the plant upstream signaling events initiated
by photoreceptor activation, but also that it work with the
plant subcellular repartitioning machinery. The reparti-
tioning process could be mediated by any combination of
nuclear translocation, nuclear/cytoplasmic retention and
nuclear degradation [3]. Together, the conservation in sig-
naling responsiveness, repartitioning and, probably,
dimerization strongly implies that mammalian COP1 func-
tions in a similar manner to AtCOP1, that is, altering its
subcellular localization in a signal-dependent manner and
acting in a dimer configuration.
Mammalian COP1 was unable to rescue the Arabidopsis
cop1 mutant phenotype
Whereas the amino-terminal half of COP1 is responsible
for light-regulated intracellular repartitioning and self-
association, the carboxy-terminal WD40 repeat region is
critical for repressing photomorphogenesis in the nucleus
[3,6]. It has been shown that COP1 can repress the activ-
ity of a photomorphogenic transcription factor, HY5, by
direct interaction through its carboxy-terminal WD40
repeats [8]. 
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Figure 3
Histochemical staining for GUS activity in hypocotyl cells of transgenic
Arabidopsis seedlings. Transgenic seedlings expressing 
(a,b) GUS–AtCOP1, (c,d) GUS–NIa, or (e,f) GUS–m/hCOP1 were
grown for 6 days in the dark (a,c,e) or in continuous white light (b,d,f). 
(g) Seedlings were grown in the dark for 3 days, then transferred to
continuous white light for 72 h. (h) Seedlings were grown in
continuous white light for 3 days, then transferred to the dark for 72 h.
The upper half of each panel shows the GUS staining and the lower
half the corresponding DAPI staining. Arrows indicate the positions of
nuclei. The scale bar in (h) represents 10 µm.
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Figure 4
Hyperphotomorphogenic phenotype associated with overexpression of
m/hCOP1N341. Four-day-old Columbia wild-type plants (left), and
plants overexpressing m/hCOP1N341 (line NA1-43; right), grown in
(a) the dark; (b) continuous red light; (c) continuous far-red light; or
(d) continuous blue light. The scale bar in each panel represents 1 µm.
(e) Average hypocotyl lengths of wild-type (WT) and transgenic
seedlings (line NA1-43) grown under the indicated light conditions. A
minimum of 30 seedlings were analyzed under each light condition,
and the mean ± standard deviation (error bars) is shown.
Far-red
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To examine whether mammalian COP1 could function-
ally replace AtCOP1 to rescue cop1 mutants, we intro-
duced GUS–m/hCOP1 as well as m/hCOP1 alone into the
cop1-5 mutant. All 15 GUS–m/hCOP1 transgenic lines
and 13 m/hCOP1 transgenic lines failed to rescue the cop1
mutant phenotype. Moreover, no phenotypic alterations
were observed when seedlings were grown under differ-
ent light conditions (continuous white, far-red, red or
blue light) or in the dark. Evidently, m/hCOP1 is unable
to repress photomorphogenesis during plant develop-
ment. This result implies that m/hCOP1, and particularly
the WD40 repeat region, is incapable of functionally
interacting with and regulating AtCOP1 downstream
effectors in plants. 
AtCOP1, along with ten other pleiotropic COP/DET/FUS
loci, is essential for Arabidopsis development. All genes
identified so far in this group have close mammalian
homologues [9,10]. Thus, the COP/DET/FUS machinery
seems to represent a general repression mechanism that is
utilized in cellular processes common to both plant and
animal kingdoms. This would explain the lethality,
pleiotropism and massive derepression of gene expression
in cop/det/fus mutants [11,12]. On the other hand, the plant
light signaling pathways may not be unique to plants.
Recently, animal counterparts of two well-defined blue-
light receptors (CRY1 and CRY2) in higher plants have
been discovered and shown to be the major photo-
receptors responsible for light entrainment of the circadian
clocks in both Drosophila and mice [13,14]. Whether and
how mammalian COP1 is related to these signaling path-
ways and to developmental regulation in animals is
unclear. The identification of mammalian COP1 homo-
logues has now set the stage for further investigation of
COP1-mediated repression mechanisms and signaling
processes in animals. 
Materials and methods
Clones, sequences and plasmid construction 
Expressed sequence tag (EST) clones were obtained from Genome
Systems. A murine EST clone (GenBank accession number
AA124289) and a human EST clone (GenBank accession number
AA479303) were completely sequenced. The two clones displayed
significant homology to the amino-terminal and carboxy-terminal por-
tions of AtCOP1, respectively, and overlapped with each other by over
200 nucleotides. Thus, these two clones were used to construct
m/hCOP1, such that the amino-terminal 194 amino acids were
encoded by the mouse cDNA, and the carboxy-terminal 466 amino
acids by the human cDNA. This m/hCOP1 chimeric construct was
nearly identical to mCOP1, a clone we obtained later. GUS–m/hCOP1
was generated by fusing m/hCOP1 in-frame to the carboxyl terminus of
the GUS gene in the pRTL2-GUS vector for transient expression
studies [2]. The fusion gene was also introduced into the T-DNA trans-
formation vector pZP222 for stable transformation of Arabidopsis [6].
GUS–AtCOP1 and GUS–NIa have been described previously [2]. The
methionine start codon in the stable transformation plasmids m/hCOP1
and m/hCOP1N341 is provided by the ATG in the NcoI site of the
pET34B vector (Novagen). As a result, a linker sequence encoding
MAISDPNSSSVD (in the single-letter amino-acid code) was added to
the 5′ end of the m/hCOP1 gene. 
Supplementary material
Additional methodological detail, a discussion of evidence that our
m/hCOP1 and mCOP1 clones contain a near-complete coding region,
and a figure showing an alignment of AtCOP1, mCOP1 and hCOP1
protein sequences are published with this paper on the internet.
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Figure S1
Alignment of Arabidopsis COP1 (AtCOP1),
mouse COP1 (mCOP1) and human COP1
(hCOP1) protein sequences. Single overline,
the C3HC4 RING-finger domain; double
overline, the coiled-coil domain; single
underline, the WD40 repeat domain. The
residues serving as putative bipartite nuclear
localization signals for mammalian COP1 (*)
and AtCOP1 (+) are indicated. Residues that
are conserved in at least two of the three
proteins are shaded.
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Supplementary results and discussion
Although the methionine initiation codon was missing
from the m/hCOP1 and the mCOP1 clones, two lines of
evidence indicated that the available sequence contains a
near-complete COP1-coding region. First, a mouse COP1
antibody detected a protein band of approximately 72 kDa
from human Hela cell extract (data not shown), which is
close to the predicted molecular weight of mCOP1 protein
according to the available cDNA sequence (74 kDa).
Second, all known plant COP1 sequences, including
tomato COP1 (Lycopersicon esculentum; GenBank accession
number AF029984) and pea COP1 (Pisum sativum;
GenBank accession number Y09579), have essentially
identical lengths of amino-terminal sequences upstream of
the RING finger. The mCOP1 sequence presented here
has the longest amino-terminal extension among all
cloned COP1 homologues.
Supplementary materials and methods
Transformation of Arabidopsis and segregation analysis
All of the stable transformation plasmids carry a gentamycin selection
marker. The plasmids were introduced into either Columbia wild-type
plants or cop1-5 heterozygotes (WS ecotype, with a T-DNA insertion in
the COP1 gene and carrying a kanamycin-resistance gene marker)
using the vacuum infiltration method [S1]. Transgenic plants were
selected with gentamycin (100 µg/ml), or with gentamycin and
kanamycin (50 µg/ml). The dominant-negative effect of the
m/hCOP1N341 transgene was determined by segregation analysis of
the hypocotyl phenotype in conjunction with drug resistance. T2
seedlings from a heterozygous transgenic plant containing a single
m/hCOP1N341 transgene (such as NA1-6 and NA2-15) segregated
three-quarters of hyperphotomorphogenic short hypocotyl seedlings. T2
seedlings from a heterozygous plant of NA1-43, a transgenic line har-
boring two m/hCOP1N341 transgene loci, segregated normal
hypocotyl and short hypocotyl (transgenic) plants in a ratio close to 1:15
under all light conditions examined (far-red, red and blue). The presence
of the transgene in those segregating populations was confirmed by
transferring seedlings to gentamycin plates for the drug-resistance test. 
Onion cell bombardment and GUS cytochemical staining 
Onion cell particle bombardment, GUS cytochemical staining of onion
epidermal cells and Arabidopsis seedlings were performed as
described [S2]. The pigments in Arabidopsis seedlings were removed
with 70% ethanol, and the material was mounted in 1 mg/ml DAPI
(4′,6-diamidino-2-phenylindole) in phosphate buffer and examined
under epifluorescence microscopy.
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